These resources are being made available in accordance with the Global Access commitment of The Bill and Melinda Gates Foundation who funded the GEMS. Data are available from the University of Maryland Baltimore\'s Center for Vaccine Development for researchers who request access to data at the following website: <http://medschool.umaryland.edu/GEMS/data.asp>. The GEMS consortium has established a committee to review requests for access in order to collect information to determine how the GEMS data and specimens are being used by the wider scientific community, and to ensure duplication of efforts from other researchers does not occur.

Introduction {#sec009}
============

Enteric pathogens cause approximately 1.7 billion episodes of diarrhea per year in children \<5 y old and account for \~10%--15% of all deaths in this age group \[[@pmed.1002010.ref001]--[@pmed.1002010.ref003]\]. Children in developing countries are exposed early and frequently to fecally contaminated food, water, human hands, soil, and fomites. Frequent exposure to enteric pathogens can result in a high incidence of acute diarrhea and asymptomatic gut infection in young children \[[@pmed.1002010.ref004]\], which can lead to chronic, debilitating sequelae, including environmental enteropathy of the small intestine (previously called tropical enteropathy), malnutrition, and growth stunting \[[@pmed.1002010.ref005]--[@pmed.1002010.ref009]\]. Improvements in water, sanitation, and hygiene (WASH) can reduce exposure to enteric pathogens and thereby reduce pediatric diarrheal incidence \[[@pmed.1002010.ref010],[@pmed.1002010.ref011]\]. Access to an improved sanitation facility, in particular, is estimated to reduce a child's risk of diarrhea by 22% to 36% \[[@pmed.1002010.ref012]--[@pmed.1002010.ref015]\], with additional potential impacts on the incidence of asymptomatic infection, enteropathy, and growth stunting \[[@pmed.1002010.ref004]\].

Millennium Development Goal (MDG) Target 7c calls on countries to halve, by 2015, the proportion of people who lack sustainable access to basic sanitation and safe water. To measure global progress, the WHO/United Nations Children\'s Emergency Fund (UNICEF)\_ Joint Monitoring Program (JMP) has defined an improved sanitation facility as one that hygienically separates human excreta from human contact \[[@pmed.1002010.ref016]\]. Acceptable types of facilities include a flush or pour-flush toilet/latrine to piped sewer system or septic tank, a pit latrine, a ventilated improved pit (VIP) latrine, a pit latrine with a slab, or a composting toilet. Facilities of an improved type that are shared by more than one household are considered unimproved because of concerns that they may be less hygienic and accessible than private household facilities. Currently only 68% of the world's population, and 38% of people living in the least developed countries, meet criteria for access to an improved sanitation facility. An estimated 946 million people still practice open defecation, and 2.4 billion use unimproved facilities \[[@pmed.1002010.ref016]\]. In 2015, an estimated 638 million people relied on shared sanitation facilities, 398 million in urban areas and 240 million in rural areas. This represents an increase of 361 million users since 1990---from 5% of the global population to 9% in 20 y---and is expected to continue growing \[[@pmed.1002010.ref016]\].

Some have argued that post-2015 JMP guidelines should allow facilities shared by five or fewer households (or \<30 persons) to be considered improved if they meet the other criteria for separating human excreta from human contact \[[@pmed.1002010.ref017]\]. This is based on the premise that communal facilities shared by a few households are more likely to be co-owned and may be more accessible and hygienic compared with public facilities shared by strangers. However, individuals practicing open defecation or sharing sanitation facilities experience diarrheal disease, malnutrition, and diarrhea-related mortality more often than individuals using household facilities \[[@pmed.1002010.ref018]--[@pmed.1002010.ref022]\]. Sharing a facility was associated with an increase in soil-transmitted helminth infection among young men in Egypt \[[@pmed.1002010.ref023]\], norovirus infection on a cruise ship \[[@pmed.1002010.ref024]\], hospital admission for diarrhea among children 12 to 59 mo of age in Brazil \[[@pmed.1002010.ref025]\], perinatal death in Nigerian \[[@pmed.1002010.ref026],[@pmed.1002010.ref027]\] and Jamaican infants \[[@pmed.1002010.ref028]\], cholera in Kenyan \[[@pmed.1002010.ref029]\] and Zambian \[[@pmed.1002010.ref030]\] refugee camps, and increased infant and maternal mortality death rates in 193 country-level surveys collected by WHO, UNICEF, and the World Bank \[[@pmed.1002010.ref031]\]. Evidence on how number of households sharing a latrine affects these health risks, especially in young children, is limited to one analysis of Demographic Health Surveillance data from 51 countries. This study reported that the prevalence of self-reported diarrhea was slightly increased among those sharing a toilet with 1--5 households and \>5 households---even one of improved design---compared to those with private access \[[@pmed.1002010.ref032]\].

The Global Enteric Multicenter Study (GEMS) is a matched case-control study of moderate-to-severe diarrhea (MSD) in children \<5 y old in four sites in sub-Saharan Africa and three sites in South Asia \[[@pmed.1002010.ref033]\]. GEMS collected data on, among other things, wealth, household density, and WASH facilities and practices. The primary objective of this analysis is to describe sanitation and hygiene access across the study sites and to assess sanitation and hygiene exposures as risk factors for MSD in children \<5 y old enrolled in GEMS, with a specific focus on shared sanitation. To our knowledge, this is the first study to use clinically and laboratory confirmed, rather than self-reported, diarrhea to analyze the risks associated with numbers of households sharing a sanitation facility.

Methods {#sec010}
=======

Ethical Considerations {#sec011}
----------------------

Written informed consent was obtained from caretakers of enrolled children. The scientific and ethical review committees of each participating organization, including in-country ethics approval, and the Institutional Review Board of the University of Maryland, Baltimore, approved the protocol and consent forms ([S1 Table](#pmed.1002010.s001){ref-type="supplementary-material"}).

Setting {#sec012}
-------

The seven GEMS sites included Basse Sante Su, The Gambia; Nyanza Province, Kenya; Bamako, Mali; Manhiça, Mozambique; Mirzapur, Bangladesh; Kolkata, India; and Karachi (Bin Qasim Town), Pakistan \[[@pmed.1002010.ref033]\]. Two sites are located in urban centers (Mali and India), and four sites are in rural settings (The Gambia, Mozambique, Kenya, and Bangladesh), whereas the study villages in Pakistan, located on the coast approximately 20 km outside Karachi, are considered periurban. Each GEMS site was linked to a defined population under a demographic surveillance system (DSS) that visited every household 2--3 times per year to record births, deaths, and migrations.

Study Design and Health Outcome {#sec013}
-------------------------------

The GEMS is a matched case-control study in which cases were children \<5 y old seeking care for MSD at one of the sentinel health centers serving the DSS at each site ([S2 Table](#pmed.1002010.s002){ref-type="supplementary-material"}). MSD was defined as passing three or more loose stools within 24 h, in conjunction with clinical signs of moderate-to-severe dehydration (sunken eyes, loss of skin turgor, or administration of IV fluids), dysentery, or admission to a health facility. Stool specimens were collected from all children at enrollment. Control children without diarrhea were randomly selected from the DSS population within 14 d of presentation of the case and matched to the case by age, sex, and neighborhood. Detailed GEMS clinical and epidemiologic methods have been published \[[@pmed.1002010.ref033],[@pmed.1002010.ref034]\].

Data Collection {#sec014}
---------------

Case and control enrollment into GEMS took place over 36 mo from December 1, 2007, to March 3, 2011. Demographic information collected about the case or control and his/her household (defined as a group of people who share a cooking fire) included maternal education and household size (including the number of children \<5 y old). Building materials and household possessions were documented as potential indicators for constructing a wealth index for each site \[[@pmed.1002010.ref033]\]. WASH data were collected at enrollment from the caretakers of case children presenting at health facilities and at home for matched control children by means of a standardized questionnaire. Approximately 60 (range: 50--90) days after enrollment, a trained field worker visited the household of each case and control to collect follow-up health information and record WASH observations. Information on water sources, facilities to dispose of human fecal waste, and handwashing and other hygiene practices was collected at enrollment, with additional information (including direct observation of hygiene practices, latrines, and toilet facilities) recorded at the 60-d follow-up home visit.

Sociodemographic Variables {#sec015}
--------------------------

Five sociodemographic variables were considered in this analysis as potential confounders ([Table 1](#pmed.1002010.t001){ref-type="table"}). A wealth index quintile (WIQ) variable was generated by principal component analysis of 13 household assets. This method has been described elsewhere \[[@pmed.1002010.ref033],[@pmed.1002010.ref035]\]. Access to an improved water source was defined as the main source of drinking water for the household at follow-up as a public or private piped water tap, tube well, borehole, protected dug well, protected spring, or rainwater that was available every day, with a round trip time of 30 min or less to fetch water \[[@pmed.1002010.ref016]\].

10.1371/journal.pmed.1002010.t001

###### Description of sociodemographic, sanitation, and hygiene variables included in this analysis.

![](pmed.1002010.t001){#pmed.1002010.t001g}

  Variable Description                                         Format
  ------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Sociodemographic Characteristics**                         
  Wealth index quintile[\*](#t001fn002){ref-type="table-fn"}   Ordinal, 1--5, 1 (poorest) to 5 (wealthiest)
  Caretaker completed primary school                           Binary, reference category was caretaker did not complete at least primary school
  Both parents live in household                               Binary, reference category was household where either the mother or father or both did not reside
  ≥2 children \<5 y old live in household                      Binary, reference category was having one child under the age of 5 in the household
  Assess to improved water source                              Binary, reference category was not having access to improved water source
  **Sanitation and Hygiene Variables**                         
  Facility type                                                Categorical variable, respondent chose from seven facility types: flush latrine, VIP latrine, VIP latrine with water seal, traditional pit latrine, pour-flush latrine, or no access (which included open defecation, hanging latrines, and bucket latrines)
  Access to any facility                                       Binary, reference category is no access to facility
  Facility sharing                                             Categorical variable, responses categorized based on median number of households sharing facility with GEMS household: private household access to a facility (reference), sharing facility with 1--2 other households, sharing facility with ≥3 other households, or no access
  Open disposal of child's feces                               Binary, reference is disposal in a latrine
  Feces visible in defecation area                             Binary, reference is no feces observed in defecation area
  Feces visible in house or yard                               Binary, reference is no feces observed in house/yard
  Handwashing station near house/yard                          Binary, reference is no handwashing station in house/yard
  Soap or ash at handwashing station                           Among respondents that wash hands near dwelling; binary, reference category is no soap or ash at handwashing station

Abbreviations: GEMS, Global Enteric Multicenter Study; VIP, ventilated improved pit.

\*Denotes five wealth index quintiles, with 1 representing the poorest households and 5 representing the wealthiest households.

Sanitation and Hygiene Variables {#sec016}
--------------------------------

Eight sanitation and hygiene variables were explored in this paper ([Table 1](#pmed.1002010.t001){ref-type="table"}), including three self-reported or observed sanitation variables, two directly observed fecal contamination variables, and two directly observed handwashing variables. Sanitation variables included facility type, facility access and sharing, and disposal of child's feces as reported by respondent. Because of the skewed distribution of the number of households sharing facilities and for comparison across sites, the highest category for numbers of households sharing a sanitation facility was categorized based on the overall median of 3.

Statistical Analysis {#sec017}
--------------------

Data analysis was limited to subjects for whom complete data were available on sanitation access at enrollment and follow-up. Data were analyzed using SAS version 9.3 (SAS Institute, Cary, NC). Descriptive statistics for sociodemographic and exposure variables were reported as proportions, medians, and ranges. We aimed to describe site-to-site variability in effects; therefore, we present all results stratified by site. The modeling strategy involved estimating unadjusted effects of association between sanitation and hygiene exposures and MSD and assessing two-way interactions between exposures and age, followed by selecting and including consistent sociodemographic confounders across all sites for reporting adjusted estimates of sanitation and hygiene exposures. Site-specific univariable conditional logistic regression models were used to evaluate the relationship between sanitation exposure variables and MSD. Unadjusted matched odds ratios (mORs) and 95% confidence intervals (CIs) are reported. Since risk factors are likely to be different for infants, we assessed two-way interactions between risk factors and age. There were no significant interactions with age; thus, only main effects are reported, and all models still account for the age-, sex-, and geography-matched case-control design. For many of the primary sanitation variables of interest, there were low exposure frequencies, which limited the number of variables that could be included in multivariable conditional logistic models. Therefore, we ran separate multivariable conditional logistic models for each sanitation and hygiene exposure of interest. We considered the following variables as potential confounders: WIQs, caretaker education, parental residence in the household, other young children in the household, and access to an improved water source. We assessed for confounding one at a time in each of the models by identifying significant associations with MSD and effect size changes in our estimates of sanitation and hygiene variables. Based on previous research, we considered a priori that wealth was an important epidemiological factor associated with MSD and should be included in the multivariable models to produce adjusted estimates of sanitation and hygiene exposures \[[@pmed.1002010.ref022]\]. We aimed to present consistent results across sites, so we adjusted for these same parameters in all site-specific multivariable conditional logistic regression models. Multivariable models were assessed for collinearity using condition index diagnostics.

Results {#sec018}
=======

Sociodemographic Characteristics of GEMS Case and Control Households by Site {#sec019}
----------------------------------------------------------------------------

Between December 2007 and January 2011, 9,439 cases and 13,129 matched controls were enrolled at the seven GEMS sites \[[@pmed.1002010.ref036]\]. Among these, follow-up observations of WASH in the home were available for 8,592 (91.2%) cases and 12,390 (94.4%) controls. The number of households lost to follow-up was highest in Pakistan (15.3%), moderate in Gambia (9.2%), Mali (10.3%), and Mozambique (9.2%), and low in Kenya (2.9%), Bangladesh (1.5%), and India (3.1%). Wealth index was significantly associated with MSD status for three of the seven sites (Mali, India, and Pakistan). Cases in India were more likely to have caretakers with higher education. In all sites, except for India, cases were less likely to have both parents living in the home ([Table 2](#pmed.1002010.t002){ref-type="table"}).

10.1371/journal.pmed.1002010.t002

###### Sociodemographic characteristics of GEMS case and control caretakers and their children in African and Asian sites, 2007--2011.

![](pmed.1002010.t002){#pmed.1002010.t002g}

  --------------------------------------------------------------------- ----------------------------- --------------------------- --------------------------- ----------------------------- ------------------------ --------------------------- ---------------------- ---------------------------
  **African sites**                                                     **The Gambia, *n* = 2,360**   **Kenya, *n* = 3,260**      **Mali, *n* = 3,677**       **Mozambique, *n* = 1,784**                                                                               
  **Variable**                                                          **Cases, *n* = 910**          **Controls, *n* = 1,456**   **Cases, *n* = 1,419**      **Controls, *n* = 1,841**     **Cases, *n* = 1,786**   **Controls, *n* = 1,891**   **Cases, *n* = 602**   **Controls, *n* = 1,182**
                                                                        ***n* (%)**                   ***n* (%)**                 ***n* (%)**                 ***n* (%)**                   ***n* (%)**              ***n* (%)**                 ***n* (%)**            ***n* (%)**
  Wealth index quintile[\*](#t002fn003){ref-type="table-fn"}                                                                                                                                                                                                            
   1 (poorest)                                                          176 (19)                      290 (20)                    239 (17)                    368 (20)                      327 (18)                 374 (20)                    138 (24)               218 (19)
   2                                                                    191 (21)                      286 (20)                    317 (22)                    395 (22)                      345 (19)                 397 (21)                    96 (16)                239 (20)
   3                                                                    172 (19)                      309 (21)                    368 (26)                    440 (24)                      346 (19)                 392 (21)                    122 (21)               228 (19)
   4                                                                    192 (21)                      277 (19)                    220 (16)                    258 (14)                      368 (21)                 378 (20)                    119 (20)               243 (21)
   5 (wealthiest)                                                       176 (19)                      291 (20)                    274 (19)                    378 (21)                      400 (22)                 350 (19)                    110 (19)               245 (21)
  Caretaker completed primary school                                    858 (95)                      1,379 (95)                  647 (46)                    889 (48)                      1,512 (85)               1,603 (85)                  459 (79)               885(75)
  Both parents live in household                                        638 (70)                      1,106 (76)                  951 (67)                    1,267 (69)                    1,440(81)                1,648 (87)                  310(53)                634 (54)
  ≥2 children \<5 y old live in household                               857 (95)                      1,392 (96)                  868 (61)                    1,213 (66)                    1,437 (81)               1,530 (81)                  346 (59)               751 (64)
  Access to improved water source[†](#t002fn004){ref-type="table-fn"}   649 (72)                      1,125 (77)                  602 (43)                    906 (49)                      1,467 (82)               1,644 (87)                  404 (69)               709 (60)
  **Asian sites**                                                       **Bangladesh, *n* = 3,802**   **India, *n* = 3,472**      **Pakistan, *n* = 2,621**                                                                                                             
  **Variable**                                                          **Cases, *n* = 1,374**        **Controls, *n* = 2,428**   **Cases, *n* = 1,505**      **Controls, *n* = 1,967**     **Cases, *n* = 996**     **Controls, *n* = 1,625**                          
                                                                        ***n* (%)**                   ***n* (%)**                 ***n* (%)**                 ***n* (%)**                   ***n* (%)**              ***n* (%)**                                        
  Wealth index quintile[\*](#t002fn003){ref-type="table-fn"}                                                                                                                                                                                                            
   1 (poorest)                                                          287 (21)                      473 (20)                    391 (26)                    360 (19)                      218 (23)                 225 (15)                                           
   2                                                                    266 (19)                      492 (20)                    253 (17)                    306 (16)                      175 (19)                 303(20)                                            
   3                                                                    276 (20)                      469 (19)                    301 (20)                    458 (24)                      208 (22)                 358 (23)                                           
   4                                                                    282 (21)                      497 (20)                    267 (18)                    425 (22)                      179 (19)                 286 (19)                                           
   5 (wealthiest)                                                       263 (19)                      497 (20)                    272 (18)                    390 (20)                      168 (18)                 372 (24)                                           
  Caretaker completed primary school                                    346 (25)                      615 (25)                    620 (41)                    679 (35)                      785(83)                  1, 246 (81)                                        
  Both parents live in household                                        951 (69)                      1,759 (73)                  1,441 (97)                  1,872 (97)                    882 (93)                 1,486 (96)                                         
  ≥2 children \<5 y old live in household                               404 (29)                      715 (30)                    595 (40)                    716 (37)                      727 (77)                 1,120 (73)                                         
  Access to improved water source[†](#t002fn004){ref-type="table-fn"}   720 (52)                      1,422 (59)                  1,374 (93)                  1,762 (91)                    388 (41)                 833 (54)                                           
  --------------------------------------------------------------------- ----------------------------- --------------------------- --------------------------- ----------------------------- ------------------------ --------------------------- ---------------------- ---------------------------

Abbreviations: GEMS, Global Enteric Multicenter Study;

Demographics described as number (%) per case or control group.

\*Denotes five wealth index quintiles, with 1 representing the poorest households and 5 representing the wealthiest households.

^†^Access to an improved water source defined as the main source of drinking water for the household at follow-up is either a public or private piped water tap, tube well, borehole, protected dug well, protected spring, or rainwater that is available every day, with a round trip time of 30 min or less to fetch water \[[@pmed.1002010.ref016]\].

Access to Sanitation Facilities {#sec020}
-------------------------------

The majority of households (\>93%) in Gambia, Mali, Mozambique, Bangladesh, India, and Pakistan reported access to a sanitation facility ([Table 3](#pmed.1002010.t003){ref-type="table"}). Kenya had the highest proportion of households without access to any facility (30% case and 29% control households). Traditional pit latrines were the most frequently reported facility type for African sites, while pour-flush toilets were more common among Asian sites. While facility types varied across sites, no specific facility type was significantly associated with MSD in any of the sites. Thus, subsequent analysis focuses on access to any type of facility and is categorized based on the number of households sharing a facility with the GEMS family.

10.1371/journal.pmed.1002010.t003

###### Sanitation facility characteristics in the households of case and control children enrolled in GEMS by site, 2007--2011.

![](pmed.1002010.t003){#pmed.1002010.t003g}

  -------------------------------------------------------------- ----------------------------- ----------------------------- ------------------------------------------------ ---------------------------------------------------- -------------------------- ----------------------------- ------------------------ -----------------------------
  **African Sites**                                              **The Gambia, *n* = 2,366**   **Kenya, *n* = 3,260**        **Mali, *n* = 3,677**                            **Mozambique, *n* = 1,784**                                                                                                            
  **Sanitation Facility Variables**                              **Cases, % *n* = 910**        **Controls, % *n* = 1,456**   **Cases, % *n* = 1,419**                         **Controls, % *n* = 1,841**                          **Cases, % *n* = 1,786**   **Controls, % *n* = 1,891**   **Cases, % *n* = 602**   **Controls, % *n* = 1,182**
  Waste facilities used[^§^](#t003fn005){ref-type="table-fn"}:                                                                                                                                                                                                                                                       
   Flush toilet                                                  1 (0.1)                       1 (0.07)                      0                                                1 (0.05)                                             24 (1.3)                   23 (1.2)                      6 (1.0)                  8 (0.7)
   VIP latrine                                                   1 (0.1)                       1 (0.07)                      84 (5.9)                                         133 (7.2)                                            3 (0.2)                    2 (0.1)                       42 (7.0)                 74 (6.3)
   VIP latrine with water seal                                   0                             0                             5 (0.4)                                          9 (0.5)                                              2 (0.1)                    4 (0.2)                       0                        2 (0.2)
   Traditional pit latrine                                       895 (98.4)                    1,440 (98.9)                  909 (64.1)                                       1,161 (63.0)                                         1,743 (97.6)               1,850 (97.8)                  545 (90.5)               1,075 (90.0)
   Pour-flush toilet                                             11 (1.2)                      11 (0.8)                      0                                                0                                                    14 (0.8)                   11 (0.6)                      3 (0.5)                  6 (0.5)
   No facility                                                   2 (0.2)                       3 (0.2)                       421 (29.7)[‡](#t003fn004){ref-type="table-fn"}   536 (29.1)[‡](#t003fn004){ref-type="table-fn"}       0                          1 (0.05)                      5 (0.8)                  16 (1.4)
   Design unclear                                                0                             0                             0                                                0                                                    0                          0                             1 (0.2)                  1 (0.08)
  Facility used[†](#t003fn002){ref-type="table-fn"}              908 (99.8)                    1,453 (99.8)                  998 (70.3)                                       1,304 (70.8)[^a^](#t003fn003){ref-type="table-fn"}   1,786 (100)                1,890 (99.9)                  597 (99.2)               1,166 (98.6)
   Private facility                                              852 (93.8)                    1,389 (95.6)                  165 (16.5)                                       287 (22.0)                                           822 (46.0)                 971 (51.4)                    551 (92.3)               1,103 (94.6)
   Shared facility                                               50 (5.5)                      60 (4.1)                      775 (77.7)                                       911 (69.9)                                           963 (53.9)                 919 (48.6)                    38 (6.4)                 56 (4.8)
    Median (range) of households sharing                         1.5 (1--9)                    3 (1--12)                     2 (1--24)                                        2 (1--24)                                            3 (1--22)                  3 (1--20)                     1.5 (1--4)               1 (1--15)
   Unknown status                                                6 (0.7)                       4 (0.3)                       58 (5.8)                                         107 (6.0)                                            1 (0.06)                   0                             8 (1.3)                  7 (0.6)
  **Asian Sites**                                                **Bangladesh, *n* = 3,802**   **India, *n* = 3,472**        **Pakistan, *n* = 2,621**                                                                                                                                                               
  **Sanitation Facility Variables**                              **Cases, % *n* = 1,374**      **Controls, % *n* = 2,428**   **Cases, % *n* = 1,505**                         **Controls, % *n* = 1,967**                          **Cases, % *n* = 996**     **Controls, % *n* = 1,625**                            
  Waste facilities used[^§^](#t003fn005){ref-type="table-fn"}:                                                                                                                                                                                                                                                       
   Flush toilet                                                  4 (0.3)                       14 (0.6)                      21 (1.4)                                         18 (0.9)                                             84 (8.4)                   118 (7.3)                                              
   VIP latrine                                                   154 (11.2)                    223 (9.2)                     0                                                0                                                    1 (0.2)                    0                                                      
   VIP latrine with water seal                                   226 (16.4)                    469 (19.3)                    1 (0.07)                                         0                                                    0                          1 (0.06)                                               
   Traditional pit latrine                                       481 (35.0)                    813 (33.5)                    45 (3.0)                                         61 (3.1)                                             80 (8.0)                   149 (9.2)                                              
   Pour-flush toilet                                             405 (29.5)                    721 (29.7)                    1,413 (93.9)                                     1,853 (94.2)                                         809 (81.2)                 1,319 (81.2)                                           
   No facility                                                   104 (7.6)                     188 (7.7)                     25 (1.7)[‡](#t003fn004){ref-type="table-fn"}     35 (1.8)[‡](#t003fn004){ref-type="table-fn"}         22 (2.2)                   35 (2.2)                                               
   Design unclear                                                0                             0                             0                                                0                                                    0                          3 (0.2)                                                
  Facility used[†](#t003fn002){ref-type="table-fn"}              1,270 (92.4)                  2,240 (92.3)                  1,480 (98.3)                                     1,932 (98.2)                                         974 (97.8)                 1,590 (97.8)                                           
   Private facility                                              827 (65.1)                    1,377 (61.4)                  162 (10.9)                                       263 (13.6)                                           731 (75.1)                 1,330 (83.6)                                           
   Shared facility                                               438 (34.5)                    846 (37.8)                    1,306 (88.2)                                     1,665 (86.2)                                         232 (23.8)                 245 (15.4)                                             
    Median (range) of households sharing                         2 (1--19)                     2 (1--31)                     7 (1--50)                                        6 (1--50)                                            2 (1--20)                  2 (1--9)                                               
   Unknown status                                                5 (0.4)                       17 (0.8)                      12 (0.8)                                         4 (0.2)                                              11 (1.1)                   15 (0.9)                                               
  -------------------------------------------------------------- ----------------------------- ----------------------------- ------------------------------------------------ ---------------------------------------------------- -------------------------- ----------------------------- ------------------------ -----------------------------

Abbreviations: GEMS, Global Enteric Multicenter Study; VIP, ventilated improved pit.

^†^Denotes that denominator is of all households using a facility of some type.

^a^Denotes that denominator differs from facility type because there is an observation with a missing response as to whether shared or not.

^‡^Indicates inclusion of "Other" responses, such as the use of hanging latrines or burying waste, deemed as no facility.

^§^There were no significant differences by waste facility type between case and control households at *p* ≤ 0.05 using conditional logistic regression.

The proportion of households that shared a facility with other households differed between sites. Overall, the proportion of households that shared a facility among those with access to a facility was lowest in The Gambia (6% case and 4% control households) and Mozambique (6% case and 5% control households), which are both rural sites. The highest proportions of households reporting the use of shared facilities were in the urban Indian site (87% case and 85% control households) and the rural Kenyan site (55% case and 49% control households), followed by the urban Mali site (54% case and 49% control households). Among households sharing a sanitation facility, the median number of households sharing a facility with the GEMS family was three or less for all sites, except India, where the median number of additional households sharing a facility was seven (range 1--50) for case households and six (range 1--50) for control households ([Table 3](#pmed.1002010.t003){ref-type="table"}).

Associations between Sanitation and Hygiene and MSD in Young Children {#sec021}
---------------------------------------------------------------------

None of the potential confounders assessed impacted the effect size estimates for the sanitation and hygiene variables. Two sociodemographic variables, WIQ and whether both parents resided in the home, were significantly associated with MSD in at least three of the seven sites and were included in all the adjusted models. Compared to households with private sanitation, those sharing a sanitation facility with 1--2 households demonstrated increased odds of MSD in Kenya (adjusted mOR = 1.41; 95% CI: 1.11--1.79), Mali (adjusted mOR = 1.23; 95% CI: 1.02--1.48), Bangladesh (adjusted mOR = 0.83; 95% CI: 0.70--0.99), and Pakistan (adjusted mOR = 1.58; 95% CI: 1.19--2.09) sites ([Table 4](#pmed.1002010.t004){ref-type="table"}). In nearly all sites, with the exception of Bangladesh, effect sizes for sharing with ≥3 households were larger than estimates of sharing with only 1--2 households. Sharing with ≥3 households was statistically significant in Kenya (adjusted mOR = 1.63; 95% CI: 1.26--2.12), Mali (adjusted mOR = 1.68; 95% CI: 1.40--2.03), Mozambique (adjusted mOR = 8.83; 95% CI: 1.01--77.17) and Pakistan (adjusted mOR = 1.82; 95% CI: 1.25--2.66). Having no access to a sanitation facility was most frequently reported in rural Kenya and was a statistically significant risk factor for MSD in children \<5 y old (adjusted mOR = 1.48; 95% CI: 1.15--1.90) ([Table 4](#pmed.1002010.t004){ref-type="table"}).

10.1371/journal.pmed.1002010.t004

###### Sanitation and hygiene-specific risk factors for MSD in young children in GEMS, 2007--2011.

![](pmed.1002010.t004){#pmed.1002010.t004g}

  Sanitation Exposures by Site (Total Cases *n* = 8,592; Total Controls *n* = 12,360)   Cases (*n*)   Controls (*n*)   Unadjusted mOR (95% CI)[\*](#t004fn002){ref-type="table-fn"}   Adjusted mOR (95% CI)[†](#t004fn003){ref-type="table-fn"}
  ------------------------------------------------------------------------------------- ------------- ---------------- -------------------------------------------------------------- -----------------------------------------------------------
  **African Sites**                                                                                                                                                                   
  **The Gambia, *n* = 2,366**                                                                                                                                                         
  Household access to sanitation facility                                                                                                                                             
   Private household facility                                                           852           1,389            *Ref*                                                          *Ref*
   Shares facility with 1--2 households                                                 32            29               1.59 (0.91--2.78)                                              1.69 (0.96--2.97)
   Shares facility with ≥3 households                                                   18            31               1.24 (0.60--2.58)                                              1.26 (0.60--2.66)
   No facility                                                                          2             3                0.81 (0.13--5.00)                                              0.81 (0.13--5.14)
  Disposes of child's feces in open                                                     12            20               0.96 (0.45--2.07)                                              0.85 (0.38--1.88)
  Human feces visible in defecation area                                                69            105              1.15 (0.79--1.69)                                              1.14 (0.77--1.69)
  Human feces visible in house or yard                                                  69            113              1.02 (0.70--1.50)                                              1.05 (0.71--1.55)
  Wash hands near dwelling/yard                                                         880           1,412            1.19 (0.46--3.02)                                              1.26 (0.49--3.25)
  Soap or ash at hand washing station                                                   513           802              0.91 (0.67--1.23)                                              0.93 (0.69--1.27)
  **Kenya, *n* = 3,260**                                                                                                                                                              
  Household access to sanitation facility                                                                                                                                             
   Private household facility                                                           165           287              *Ref*                                                          *Ref*
   Shares facility with 1--2 households                                                 442           548              **1.37 (1.08--1.74)**                                          **1.41 (1.11--1.79)**
   Shares facility with ≥3 households                                                   333           363              **1.57 (1.22--2.04)**                                          **1.63 (1.26--2.12)**
   No facility                                                                          421           536              **1.38 (1.08--1.76)**                                          **1.48 (1.15--1.90)**
  Disposes of child's feces in open                                                     606           786              1.01 (0.87--1.17)                                              1.02 (0.87--1.20)
  Human feces visible in defecation area                                                501           636              1.01 (0.83--1.22)                                              1.02 (0.84--1.24)
  Human feces visible in house or yard                                                  114           116              1.22 (0.92--1.61)                                              1.23 (0.93--1.63)
  Wash hands near dwelling/yard                                                         1,419         1,840            \-                                                             \-
  Soap or ash at handwashing station                                                    749           963              1.02 (0.82--1.26)                                              0.99 (0.80--1.23)
  **Mali, *n* = 3,677**                                                                                                                                                               
  Household access to sanitation facility                                                                                                                                             
   Private household facility                                                           822           971              *Ref*                                                          *Ref*
   Shares facility with 1--2 households                                                 406           433              1.09 (0.91--1.29)                                              **1.23 (1.02--1.48)**
   Shares facility with ≥3 households                                                   557           486              **1.36 (1.16--1.61)**                                          **1.68 (1.40--2.03)**
   No facility                                                                          0             1                \-                                                             \-
  Disposes of child's feces in open                                                     7             3                2.25 (0.70--7.31)                                              2.01 (0.51--7.82)
  Human feces visible in defecation area                                                16            4                **4.00 (1.34--11.97)**                                         **3.77 (1.25--11.35)**
  Human feces visible in house or yard                                                  12            4                3.00 (0.97--9.30)                                              2.77 (0.89--8.68)
  Wash hands near dwelling/yard                                                         1,783         1,890            0.33 (0.04--3.21)                                              0.23 (0.02--2.20)
  Soap or ash at handwashing station                                                    1,015         1,118            0.92 (0.79--1.08)                                              0.91 (0.78--1.07)
  **Mozambique, *n* = 1,784**                                                                                                                                                         
  Household access to sanitation facility                                                                                                                                             
   Private household facility                                                           551           1,103            *Ref*                                                          *Ref*
   Shares facility with 1--2 households                                                 31            52               1.33 (0.79--2.23)                                              1.36 (0.77--2.23)
   Shares facility with ≥3 households                                                   7             4                8.30 (0.96--71.34)                                             **8.83 (1.01--77.17)**
   No facility                                                                          5             16               0.55 (0.19--1.60)                                              0.68 (0.25--1.84)
  Disposes of child's feces in open                                                     23            59               0.91 (0.67--1.23)                                              0.65 (0.32--1.30)
  Human feces visible in defecation area                                                177           411              0.90 (0.68--1.18)                                              0.90 (0.69--1.19)
  Human feces visible in house or yard                                                  9             24               0.54 (0.22--1.30)                                              0.54 (0.22--1.31)
  Wash hands near dwelling/yard                                                         600           1,181            \-                                                             \-
  Soap or ash at handwashing station                                                    502           1,035            **0.65 (0.46--0.93)**                                          **0.65 (0.45--0.92)**
  **Asian Sites**                                                                                                                                                                     
  **Bangladesh, *n* = 3,802**                                                                                                                                                         
  Household access to sanitation facility                                                                                                                                             
   Private household facility                                                           827           1,377            *Ref*                                                          *Ref*
   Shares facility with 1--2 households                                                 334           630              0.86 (0.73--1.01)                                              **0.83 (0.70--0.99)**
   Shares facility with ≥3 households                                                   104           216              0.82 (0.63--1.05)                                              0.80 (0.61--1.04)
   No facility                                                                          104           188              0.78 (0.59--1.04)                                              0.76 (0.57--1.02)
  Disposes of child's feces in open                                                     988           1,662            **1.18 (1.00--1.38)**                                          **1.26 (1.05--1.52)**
  Human feces visible in defecation area                                                72            135              0.92 (0.65--1.31)                                              0.92 (0.64--1.31)
  Human feces visible in house or yard                                                  13            19               1.08 (0.50--2.36)                                              1.13 (0.52--2.46)
  Wash hands near dwelling/yard                                                         1,363         2,408            1.33 (0.61--2.94)                                              1.36 (0.62--2.99)
  Soap or ash at handwashing station                                                    1,354         2,395            0.90 (0.37--2.19)                                              0.88 (0.36--2.14)
  **India, *n* = 3,472**                                                                                                                                                              
  Household access to sanitation facility                                                                                                                                             
   Private household facility                                                           162           263              *Ref*                                                          *Ref*
   Shares facility with 1--2 households                                                 200           279              1.08 (0.81--1.43)                                              1.04 (0.78--1.39)
   Shares facility with ≥3 households                                                   1,106         1,386            1.26 (1.00--1.59)                                              1.16 (0.91--1.48)
   No facility                                                                          25            35               1.45 (0.72--2.90)                                              1.25 (0.62--2.53)
  Disposes of child's feces in open                                                     1,185         1,395            1.18 (0.97--1.42)                                              1.11 (0.92--1.35)
  Human feces visible in defecation area                                                142           137              **1.61 (1.19--2.18)**                                          **1.53 (1.12--2.08)**
  Human feces visible in house or yard                                                  109           119              **1.44 (1.03--2.01)**                                          **1.43 (1.02--2.00)**
  Wash hands near dwelling/yard                                                         1,505         1,966            \-                                                             \-
  Soap or ash at handwashing station                                                    801           1,122            **0.68 (0.57--0.82)**                                          **0.73 (0.61--0.88)**
  **Pakistan, *n* = 2,621**                                                                                                                                                           
  Household access to sanitation facility                                                                                                                                             
   Private household facility                                                           731           1,330            *Ref*                                                          *Ref*
   Shares facility with 1--2 households                                                 147           160              **1.72 (1.30--2.25)**                                          **1.58 (1.19--2.09)**
   Shares facility with ≥3 households                                                   85            85               **2.10 (1.45--3.04)**                                          **1.82 (1.25--2.66)**
   No facility                                                                          22            35               0.97 (0.51--1.86)                                              0.76 (0.40--1.44)
  Disposes of child's feces in open                                                     193           284              1.09 (0.86--1.38)                                              0.82 (0.63--1.07)
  Human feces visible in defecation area                                                307           472              1.11 (0.86--1.43)                                              0.99 (0.76--1.29)
  Human feces visible in house or yard                                                  291           439              1.23 (0.93--1.60)                                              1.15 (0.87--1.52)
  Wash hands near dwelling/yard                                                         960           1,572            0.98 (0.48--1.99)                                              1.06 (0.51--2.19)
  Soap or ash at handwashing station                                                    524           913              **0.76 (0.61--0.94)**                                          0.86 (0.69--1.07)

Abbreviations: GEMS, Global Enteric Multicenter Study; MSD, moderate to severe diarrhea; CI, confidence interval; mOR, matched odds ratio; Ref, reference category

\*Unadjusted mOR from bivariate analysis.

^†^Adjusted mOR, whereby all odds ratios control for wealth index and both parents living in the household.

-Maximum likelihood estimates could not be computed because of sparse data.

Disposal of children's feces in open areas around the home was not associated with increased risk of MSD among children \<5 y old, except in Bangladesh (adjusted mOR = 1.26; 95% CI: 1.05--1.52) ([Table 4](#pmed.1002010.t004){ref-type="table"}). Having a defecation site with observed fecal material visible was statistically associated with MSD among children \<5 y old in Mali (adjusted mOR = 3.77; 95% CI: 1.25--11.35) and India (adjusted mOR = 1.53; 95% CI: 1.12--2.08). Having human feces visible in the house/yard was a statistically significant risk factor in India (adjusted mOR = 1.43; 95% CI: 1.02--2.00).

Among those who reported that they washed their hands in or near the dwelling/yard, keeping soap or ash at the handwashing area demonstrated a protective effect against MSD in children \<5 y old in Mozambique (adjusted mOR = 0.65; 95% CI: 0.45--0.92) and India (adjusted mOR = 0.73; 95% CI: 0.61--0.88) ([Table 4](#pmed.1002010.t004){ref-type="table"}).

Discussion {#sec022}
==========

In monitoring global progress in access to improved sanitation, the WHO/UNICEF JMP classifies shared sanitation facilities as "unimproved sanitation," based upon the premise that hygiene conditions in these types of facilities may fail to hygienically separate human excreta from human contact \[[@pmed.1002010.ref016],[@pmed.1002010.ref017]\]. This is a controversial topic, as communal facilities are the most economical and feasible solution for providing sanitation access to the 2.5 billion people without a private facility \[[@pmed.1002010.ref016],[@pmed.1002010.ref037]\]. They are often used in densely populated urban areas, where space is at a premium. Furthermore, shared sanitation may still represent an improvement in hygiene conditions relative to open defecation \[[@pmed.1002010.ref016],[@pmed.1002010.ref017]\]. However, for policy makers weighing options for investing in sanitation improvement, it is equally important to understand whether shared facilities effectively achieve global health targets compared to investment in private facilities.

The limited evidence on whether shared facilities protect users from exposure to human excreta is conflicting. Shared latrines in Tanzania contained lower concentrations of *Escherichia coli*, higher concentrations of flies, and equal concentrations of helminth ova compared to private latrines \[[@pmed.1002010.ref038]\]. Other studies found that facilities shared by even a few households are dirtier than private facilities \[[@pmed.1002010.ref039]--[@pmed.1002010.ref041]\]. A recent meta-analysis found that shared sanitation was associated with an increased risk of adverse health outcomes, including diarrhea \[[@pmed.1002010.ref018]\]. However, shared sanitation includes many different arrangements, from just a few closely related households to publicly run facilities that serve entire neighborhoods. Some of these facilities may be better maintained than others. In acknowledgement that risks may differ among shared facilities, the JMP recently deliberated whether facilities shared by ≤5 households or ≤30 users are likely to provide hygiene conditions that could be considered "improved." Only one other study has explored this question, and they found a slightly elevated risk of self-reported diarrhea for children in households sharing a latrine with few and with many households \[[@pmed.1002010.ref032]\]. Otherwise, little is known about how the number of households sharing a facility influences disease risks.

Epidemiological evidence from the GEMS case-control study offers new insights into the relationship between shared sanitation access, sanitation conditions, and pediatric diarrheal disease in low-income countries. We provide compelling evidence from four of seven GEMS sites that children \<5 y old living in households sharing a latrine with ≥3 households, as well as those sharing with just 1--2 households, were more likely to experience MSD than children living in households with private sanitation. While shared sanitation did not reach statistical significance as a risk factor in all sites, this was likely due to our limited statistical power. Despite this limitation, these data demonstrated consistent effects of shared sanitation across most sites as a risk factor with increased odds of MSD at higher levels of sharing. This consistency was not observed for other sanitation and hygiene variables. However, our data in Bangladesh also suggest that there are some situations in which shared sanitation does not pose higher risks than private access and that other sanitation and hygiene factors are more important in diarrheal disease transmission. Global health policy must be based upon known risks to all members of a population, ensuring equity in health for all and doing no harm \[[@pmed.1002010.ref042]\]. While shared sanitation may not be a risk factor in some communities, our study demonstrates that many children around the world do face risks from sharing sanitation facilities, reinforcing the findings of Heijnen et al. and Fuller et al. \[[@pmed.1002010.ref032],[@pmed.1002010.ref043]\]. Without a clearer understanding of the factors that define safe sanitation, classifying shared facilities as "improved" at this point would potentially increase the number of children at risk for sanitation-related disease transmission. We conclude that compared to private sanitation facilities, sharing facilities with 1--2 other households does not prevent children from potential exposure to human excreta, and therefore, all shared facilities should continue to be classified as "unimproved" for monitoring global sanitation access.

More research is needed to understand the risks shared facilities pose and to identify cost-effective strategies to remediate those risks. The relationships between sanitation infrastructure, human behavior, and enteric disease risk in young children are complex and poorly understood. Children could be directly infected by fecal exposure at a sanitation facility---observed fecal material was significantly associated with MSD among children in the densely populated communities in Mali and India. Yet, in some studies direct exposure at a facility was uncommon since very young children did not typically use sanitation facilities \[[@pmed.1002010.ref044],[@pmed.1002010.ref045]\]. Infection risks for children from shared latrines more likely reflect possible exposure pathways outside of the latrine that occur as a consequence of relying on shared facilities. Poor cleanliness of a facility and sharing a facility can increase user dissatisfaction and decrease latrine use \[[@pmed.1002010.ref039],[@pmed.1002010.ref040],[@pmed.1002010.ref046]--[@pmed.1002010.ref048]\]. Households relying on shared facilities may be more likely to practice open defecation or open child feces disposal \[[@pmed.1002010.ref046]\]. Open child feces disposal was reported frequently by GEMS caretakers, especially among those who reported shared sanitation. If open defecation or open child feces disposal is amplified in communities relying on shared sanitation, then children may face high risks of exposure to diarrheal pathogens from public domain transmission pathways, such as playing in soil or surface water outside the household \[[@pmed.1002010.ref049]\].

GEMS findings suggest access to private household latrines can provide protective benefits against MSD, even in communities like rural western Kenya, where open defecation and open child feces disposal was common. It is unlikely that private latrine access influences whether children play outside the home or not, so this protective effect may reflect protective benefits of private household latrine access on private (domestic) exposure pathways such as contaminated drinking water, food, household play areas, or hands \[[@pmed.1002010.ref049],[@pmed.1002010.ref050]\]. Handwashing with soap or ash, especially after toileting, is a simple and important means for protecting oneself and others from exposure to fecal matter. In two GEMS sites, the presence of soap in the handwashing area was protective against MSD. Caretakers using shared facilities may be less likely to practice hygienic behaviors, like handwashing after defecation, because of challenges in access, which could increase infection risks for their children \[[@pmed.1002010.ref043]\]. The reverse explanation for this relationship could also be true: households that prioritize safe hygiene practices are more likely to invest in private sanitation facilities than those that do not prioritize hygiene. While GEMS data provide information about the risks of shared sanitation, the evidence remains insufficient to precisely identify fecal transmission pathways associated with shared sanitation access or to distinguish between safe and unsafe shared facilities.

Our analysis has several limitations. Most GEMS households had access to a basic sanitation facility, which limited our ability to compare the risks of shared access to open defecation. While the aim of this paper was to describe sanitation risk factors associated with MSD consistently across sites, it did not address the substantial intersite differences in how facilities were shared. For example, in India most facilities were shared, and the median number of households sharing facilities was much greater than at any other site, with greater variation amongst the households included. The classification of shared facilities did not address variations in household composition and size that are potentially important factors contributing to facility conditions \[[@pmed.1002010.ref037]\]. GEMS did not collect data on how shared sanitation facilities were managed and maintained and whether users themselves or service providers were responsible for maintaining hygienic conditions. We did not document important determinants of facility use, such as the distance between the sanitation facility and the household or handwashing area. Additionally, we did not document how facility septage was contained and managed. Septage from private and communal facilities frequently drains (or is collected by service providers and is dumped) into nearby areas lacking safe containment capabilities, thereby increasing neighborhood-level exposure risks. Each of these factors may be important sanitation-related confounders of the effect of shared sanitation on MSD.

This study also had methodological limitations. Modeling strategies were limited by relatively low frequencies of some of the exposure categories of interest. However, effect sizes remained similar across models, suggesting that our matched study design controlled for the most important sources of bias. We selected two sociodemographic indicators, a wealth quintile index and having two parents in the home. Although wealth indices are widely used in WASH research, it may not be a robust way of adjusting for sociodemographic confounding. While we did not detect any statistically significant interactions with age, we had limited power to detect them with the low exposure frequencies in these study populations. It is possible that differences by age, or age-related etiological differences, exist, but our data were underpowered to detect them. Finally, the observational study design allows us to describe associations but does not allow us to infer causality.

Data from GEMS have highlighted the association between shared and unhygienic sanitation facilities and MSD in children and suggest multiple pathways for enteric disease transmission in households with shared sanitation. Each pathway suggests potential interventions to reduce the risks associated with shared sanitation. A previous GEMS paper found shared sanitation access to be an important contributor to MSD, after adjusting for household drinking water practices, suggesting that combination approaches are necessary \[[@pmed.1002010.ref051]\]. While our data suggest household latrines are the safest option, well-maintained, hygienic shared facilities that consistently ensure safety and privacy and provide access to soap and water for handwashing may motivate facility usage and reduce open defecation. In one urban setting in Brazil, the provision of community-level sanitation services effectively reduced intestinal infections in young children \[[@pmed.1002010.ref052]\]. Complementary social messaging about proper disposal of children's feces and the importance of handwashing with soap after defecation could also help mitigate risk by reducing exposures outside of the facility. Understanding how shared sanitation affects children's public and domestic exposure risks could improve the design of interventions, as different strategies are necessary for public versus domestic transmission pathways \[[@pmed.1002010.ref049]\].

The acceptability of shared facilities should be carefully explored in each setting to assess the likelihood of latrine uptake, with the cost--benefit carefully weighed. The benefits for provision of communal facilities may be low, especially if they fail to provide equitable access to safe sanitation across economic and social classes. The poor, women, and children are more likely to depend upon shared facilities or open defecation and are less likely to benefit from latrine promotion programs \[[@pmed.1002010.ref032],[@pmed.1002010.ref047],[@pmed.1002010.ref053]--[@pmed.1002010.ref055]\]. The documented lack of equity in sanitation access is consistent with diarrheal disease burden, also inequitably borne by the poorest classes \[[@pmed.1002010.ref054]\]. Sanitation facilities that ensure safe, private, and affordable sanitation access for women---the primary caretakers of children---and a space with water for personal and infant bathing could improve child feces disposal. Understanding how to cost-effectively and equitably deliver safe sanitation worldwide is particularly relevant for policy makers and public health professionals tasked with decreasing diarrhea-related morbidity and mortality in children in developing countries. More research is needed to understand the sanitation-related behaviors, exposures, and conditions that influence disease transmission in developing countries \[[@pmed.1002010.ref056]\]. Given that the risk of disease transmission does in some circumstances increase with the number of households sharing a facility, ensuring an adequate number of functioning and hygienic facilities with ample access to soap and water is particularly critical.
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